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(54) Processing of signals from an image sensor consisting of a plurality of sensor areas 

(57) An image processing apparatus includes an tm- son The corrector has a plurality of correction data 

age sensorformed from a plurality of areas each Includ- smaller in number than the areas, and performs correc- 

ing a plurality of pixels, and a corrector adapted to cor- tion by selectively using the correction data for each ar- 

rectsignals from the plurality of areas of the image sen- ea of the image sensor. 
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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to an image 
processing apparatus having an image sensing appa- 
ratus and a correction method and, more particularly, to 
an image processing apparatus in which an image sens- 
ing apparatus has a plurality of areas each including a 
pi ural ity of pixels an d p recesses s ignals outp ut from th e 
plurality of areas, and a correction method. 

BACKGROUND OF THE INVENTION 

[0002] Contact image sensors (CISs) have recently 
been developed and put into practical use along with 
reductions in size and weighl in a scanner apparatusfor 
Inputting an image to a personal computer and the doc- 
ument reader of a facsimile apparatus. The contact im- 
age sensor is formed from a light source, rod lenses 
which implement a x1 erect optical system, and a one- 
dimensional light-receiving sensor whose effective 
width is substantially the same as the maximum width 
of a document to be read, The CIS can shorten the op- 
tical path length of an optical system, compared to an 
optical system which uses a lens called a reduction op- 
tical system to reduce themain scanning width of a doc- 
ument to be read to a fraction of the originaf width and 
reads the image by a one-dimensional CCD sensor or 
the like. Accordingly, the CIS can implement a small- 
size, lightweight document reader. 
[0003] With the recent advance in semiconductor 
process and production technique, CISs have been 
adopted in A4-slze consumer scanners. With low cost 
and a small light quantity from a light source, the use of 
CISs in high-speed image reading apparatuses such as 
a copying machine is also being examined. 
[0004] A CIS requires a length equal to the width of a 
document image in reading an image. Forming a sensor 
with this length from one sensor chip is less advanta- 
geous in terms of the technique and cost The CIS gen- 
erally ensures a reading length equal to the document 
image width by arraying a plurality of sensor chips. 
[0005] in a copying machine using a CCD image sen- 
sor, a CCD image sensor which is divided into two 
blocks at the center and reads out signals from the two 
ends in order to cope with a high-speed copying ma- 
chine has been studied. 

[0006] In the CIS, the plurality of sensor chips are lin- 
early arrayed, as described above. Image signals from 
the sensor chips undergo wall-known shading oorrec- 
tionto adjust theirblack and white levels. The white level 
is generally adjusted by pixel, and the black level is ad- 
justed by chip, pixel, or the like, which are both known 
well. The known shading correction is a reading correc- 
tion method which assumes an ideal linearity of a read 
image signal. If the linearity characteristics of the chips 
of a multi-chip vary, the image signal level also varies at 



the halftone level. The density is different between ad- 
jacent chips, seriously degrading the quality. 
[0007] Even if the black and white levels are adjusled 
by known shading correction in the CCD image sensor 
s which is divided into two blocks at the center and reads 
out signals from the two ends, the linearity characteristic 
varies between the right and lefl sides due to differences 
in read characteristics at the two ends and the charac- 
teristics of a plurality of amplifiers. The levels o1 read 
10 signals differ from each other at the halftone level, re- 
sulting in a density difference and serious degradation 
in image quality. The density difference and quality deg- 
radation are conspicuous at the central boundary. 
[0008] In genera!, these problems of the above-men- 
's tioned CC D image sensor h ave been solved by perfo rrn- 
ing linearity correction using an LUT (Look Up Table) 
stored in a known ROM or RAM. 
[0009] An LUT can realize arbitrary signal conversion 
by supplying an input signal as an address and reading 
zo out data stored attheaddress as an outputsignal. When 
the number of signals to be corrected is small, the cor- 
rection method by signal conversion using the LUT is 
an ideal correction method. 

[0010] However, when the correction method using 
& the LUT is directly used In a color CIS with an array of 
1 6 sensor chips, 1 6 chip x 3 colors = a total of 48 LUTs 
are required. This leads to an impractically large-scale 
circuit regardless of whether the LUTs are constituted 
by discrete memories or incorporated in an ASIC, 
ao [0011] When the conventional ODD/EVEN output (i. 
e., odd- and even numbered pixels are read using dif- 
ferent reading systems) is executed from two ends in a 
CCD Image sensor- which reads out signals from two 
ends, a monochrome image requires four LUTs, and a 
35 color image requires 12 LUTs, which is three times the 
number of LUTs for a monochrome image. A large 
number of LUTs cannot be ignored, either. 
[0012] In short, output variations of a plurality of sys- 
tems with different linearity characteristics that cannot 
40 be completely corrected by known shading correction, 
e.g., halftone linearity variations of a plurality of chips, 
blocks, or output systems with different characteristics 
are closed up as a result of implementing the multi-chip 
of a CIS or multi-read of a high-speed CCD. Especially 
45 for a color image, difficulty lies three times. 

[0013] At present, the reader of a copy ing machi ne or 
the like is normally OFF for power saving and low power 
consumption. Even if the userwantsto activate the cop- 
ying machine and read a document as quickly as pos- 
so sible, a time of about 5 sec is taken for calculating LUT 
curves and writing the curves to RAM by the CPU even 
in the use of the simplest straight line in an arrangement 
where LUTs are prepared for the number of chips, 
blocks, or output systems subjected to linearity correc- 
ts tion. Also from this viewpoint, the use of many LUTs is 
undesirable. 
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SUMMARY OF THE INVENTION 

[0014] According to the present invention, an image 
processing apparatus is characterized by comprising: 
an image sensor formed from a plurality of areas each 
including a plurality of pixels; and a corrector adapted 
to correct signals output from the plurality of areas of 
the image sensor, wherein the corrector has a plurality 
of correction datasmallerin number than the areas, and 
performs correction by selectively using any one of the 
plurality of correction data for each area of the image 
sensor. 

[0015] According to the present invention, an image 
processing apparatus is characterized by comprising: 
an image sensor formed from a plurality of areas each 
including a plurality of pixels; a corrector adapted tooor- 
rectsignals from the plurality of areas of the image sen- 
sor; and a density reference member having a white ref- 
erence area and a halftone gray reference area, wherein 
the corrector has a plurality of correction data smaller in 
number than the areas of a sensor chip, and executes 
first correction of performing shading correction on the 
basis of a signal obtained by reading the white reference 
area by the image sensor, and second correction (64a) 
of performing correction by selectively using the correc- 
tion data for each area of the image sensor on the basis 
of a signal obtained by reading the halftone gray refer- 
ence area by the image sensor. 
[0016] Further, an image processing apparatus is 
characterized by comprising: an image sensor formed 
from a plurality of areas each inctuding a plurality of pix- 
els; and a corrector adapted to correct linearity of signals 
output from the plurality of areas, wherein the corrector 
includes: a multiplier which multiplies the signals output 
from the plurality of areas by a coefficient; and an adder 
which adds a coefficient to the signals output from the 
plurality of areas, 

[0017] Furthermore, a correction method of correcting 
image data obtai ned from an image sensor formed from 
a plurality of areas each including a plurality of pixels, 
is characterized by comprising the steps of: reading a 
predetermined halftone image by the image sensor; se- 
lecting one of a plurality of correction data smaller in 
number than the plurality of areas for each of the plural- 
ity of areas on the basis of a signal level of the read 
image; storing correspondences between the plurality 
of areas and selected correction data; determining 
which of the areas outputs image data from the image 
sensor; and performing correction using correction data 
corresponding to the determined area. 
[001 8] Further, a correction method of correcting im- 
age data obtained from an image sensor formed from a 
plurality of areas each including a plurality of pixels is 
characterized by comprising the steps of: reading a pre- 
determined halftone image by the image sensor; calcu- 
lating a coefficient set used for correction for each of the 
plurality of areas on the basis of a signal level of the read 
image; storing correspondences between the plurality 



of areas and calculated coefficient sets; determining 
which of the areas outputs image data from the image 
sensor; selecting one of the stored coefficient sets on 
the basis of the determined area and the signal level of 

5 the image data; and correcting signals output from the 
plurality of areas by using coefficients of the selected 
coefficient set, wherein the correcting "step includes: a 
step of multiplying the signals oulput from the plurality 
of areas by the coefficients of the selected coefficient 

f set; and a step of adding the coefficients of the selected 
coefficient set to the signals output from the plurality of 
areas. 

[O01 9] Other features and advantages of the present 
invention will be apparent from the following description 
is taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0020] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the in- 
25 ventton. 

Fig. 1 isaschematic view showing the image reader 
of an image processing apparatus according to a 
first embodiment of Ihe present invention; 
30 Fig. 2 is a perspective view showing the arrange- 
ment of part of a contact image sensor; 
Fig. 3 is a block diagram showing the arrangement 
of a multi-chip sensor; 

Fig. 4 is a block diagram mainly showing the ar- 

35 rangement of the image processor of the image 
processing apparatus according to the first embod- 
iment of the present invention; 
Fig. 5 is a block diagram showing the arrangement 
of part of the image processing apparatus accord - 

40 ing to the first embodiment of the present invention; 
Fig. 6 is a block diagram showing the arrangement 
of an image processing circuit according to the first 
embodiment of the present invention; 
Fig. 7 Is a block diagram showing the arrangement 

« of a luminance signal conversion block according 
to the first embodiment of the present invention; 
Fig. 8 is a view showing a density reference plate; 
Figs. 9A to9C are graphs showing examples of the 
characteristic of a correction table according to the 

so first embodiment of the present invention; 

Fig. 10 is ablock diagram showing the arrangement 
of an image processing apparatus according to a 
second embodiment of the present invention; 
Fig. 11 is a conceptual view showing a muiti-chip 

ss sensor according to the second embodiment of the 
present invention; 

Fig. 1 2 is a view showing the arrangement of a CIS; 
Fig. 13 is a perspective view showing the CIS in Fig. 
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12; 

Fig. 14 is a schematic view showing the arrange- 
ment of one sensor chip which constitutes the multi- 
chip sensor according to the second embodiment 
of the present invention; 

Figs. 1 SA and 15Bare agraph and table for explain- 
ing linearity correction according lo the second em- 
bodimeni of the present invention; 
Fig. 16 is a block diagram shewing details of a lin- 
earity correction unit according to the second em- 
bodiment of the present invention; 
Fig. 1 7 is atimin g chart showing the driving and out- 
put of the multi-chip sensor according to the second 
embodiment of the present invention; 
Fig. 18 is a block diagram showing a shading cor- 
rection unit according to the second embodiment of 
the present invention; 

Fig. 19 is a timing chart for explaining the output 
timing of a sorted image signal according to the sec- 
ond embodiment of the present invention; 
Fig. 20 is a schematic view showing an image form- 
ing apparatus in which the image processing appa- 
ratus is mounted according to the second embodi- 
ment of the present invention; 
Fig. 21 is a block diagram showing the arrangement 
of an image processing apparatus according to the 
third embodiment of the present invention; 
Fig. 22 is a block diagram showing the concept of 
a center-division two-end-read type CCD image 
sensor; 

Fig. 23 is a timing chart for explaining the output 
timing of a sorted image signal according tothe third 
embodiment of the present invention; 
Fig, 24 is a schematic view showing an image form- 
ing apparatus in which the image processing appa- 
ratus is mounted according to the third embodiment 
of the present invention; 

Fig. 25 is a flowchart showing processing of select- 
ing a correction table used in a sensor chip accord- 
ing to the first embodiment of the present invention; 
Fig. 26 Is a flow chart Showing linearity correction 
processing according to the first embodiment of the 
present invention; 

Fig. 27 is a flow chart showing processing of calcu- 
lating a correction coefficient used in a sensor chip 
according to the second embodiment of the present 
invention; and 

Fig. 28 is a flow chart showing linearity correction 
processing according to the second embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0D21 ] Preferred embodiments of the present inven- 
tion will be described in detail in accordance with the 
accompanying drawings. 



(First Embodiment) 

[0022] The arrangement of the image reader of an im- 
age processing apparatus according to the first embod- 
s iment will be described with reference to Fig. 1 . 

[0023] Reference numeral 1 denotes a platen glass 
cn which a document is set; 2, a platen cover which 
presses the platen glass and can be opened/closed; 3, 
a document set on the platen glass; 4, a contact image 

io sensor (to be referred to as a "CIS" hereinafter) serving 
as a scanning optical system for reading the image of 
the document 3; 5 t a carriage which holds the CIS; 9, a 
shaft serving as a guide when the carnage is moved in 
the sub-scanning direction in reading a document; S, a 

« timing belt fixed to the carriage 5; 6 and 7, pulleys which 
are arranged at the two ends- of the timing belt so as to 
smoothly move the timing belt 8; 1 0, a stepping motor 
which is connected to either the pulley 6 or 7 and drives 
the pulley 6 or 7; 1 1 , a home position sensor for detect- 
ing the sub-scanning position of the carriage 5 held by 
the CIS 4; 13, a density reference plate which is at- 
tached to the end of the home position sensor 1 1 on the 
platen glass 1 and serves as a reference for adjustment 
control of the light quantity and reference density read 

25 operation; and 1 2, an operation unit which is constituted 
by a switch for operating the image processing appara- 
tus and a display for displaying the state of the image 
reader. Operation conditions are set and an operation 
is selected on the basis of an input signal from the op- 

30 eration unit 12. 

[0024] The arrangement of the CIS 4 will be described 
in detail with reference to Fig. 2. 
[0025] Reference numeral 4a denotes a line light 
source unit which Is made up of an LED light source unit 

3s 4b arranged at the end of the light source unit 4a, and 
a light guide 4c for uniformly diffusing light from the LED 
light source unit 4b in the main scanning direction. 
[0026] Irradiation light emerging from the light guide 
4c is reflected by the document 3 on the platen glass 1 . 

40 The reflected light forme via a SELFOC lens array 4d 
an image on a multi-chip sensor 4e which is fixed to a 
substrate 4f and obtained by arraying a plurality of sen- 
sor chips in the main scanning direction. 
[0027] The light of the formed image is photoelectri- 

« callyconvertedbythemulti-chipsensor4e,andsequen- 
tialfy output as image signals. 
[0028] The light intensity Df the LED light source unit 
4b is controlled by a constant current circuit (to be de- 
scribed in detail later) controllable by a constant current. 

52 The ON time of the LED light source unit 4b is controlled 
by pulse width modulation within the read time of one 
line of the multi-chip sensor 4e, thereby controlling the 
light quantity incident on the multi-chip sensor 4e. 
[0029] The multi-chip sensor 4e will be explained in 

55 detail with reference to Fig. 3. 

[0030] In the multi-chip sensor 4e adopted in the first 
embodiment, about 650 pixels are arrayed in the main 
scanning direction per sensor chip, and eight sensor 
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chips of this type are arrayed in the main scanning di- 
rection. 

[0031] This arrangement enables reading one line 
(A4-size, 210 mm-wide document) at a resolution o1 600 
dpi. 

[0032] In order to drive the multi-chip sensor 4e, a 
driving circuit 21 uses a driving clock pulse for driving 
the multi-chip sensor 4e so as to read all pixels which 
constitute one line within a predetermined time, a reset 
puisefor resetting an output value every pixel in output- 
ting charges from the pixel, and a horizontal sync signal 
serving as a trigger which starts read of one line. 
[0033] Image signals are output from respective pix- 
els in synchronism with the. timings of these pulses, and 
sequentially output via an output circuit 4i having an 
AGC circuit, A/D conversion circuit, and the like. 
[0034] The image processor of the image processing 
apparatus which performs various image processes for 
an image signal output from the CIS 4 will be explained 
with reference to Fig, 4. 

[0035] The output circuit 41 comprises an Automatic 
Gain Controller (AGC)circuit41 a which adjusts the gain 
of an image signal output from the CIS 4, and an AO 
conversion circuit 41b which converts an analog signal 
into a digital signal. 

[0036] Reference n umeral 42 denotes an LED control 
circuit (to be described in detail later) which controls the 
light quantity of the LED light source unit 4b serving as 
a light source in the CIS 4. The LED control circuit 42 is 
constituted by a portion which controls to obtain a pre- 
determined light quantity when the LED light source unit 
4b is ON and an image signal is accumulated in the mul- 
ti-chip sensor 4e, and to keep light sources ON at a pre- 
determined light quantity ratio when light sources of a 
plurality of colors are ON, and a portion which controls 
the LED ON timing (PWM (Pulse Width Modulation cir- 
cuit) control portion which turns on the LED for a prede- 
termined time at a predetermined timing). 
[0037] Reference numeral 43 denotes a control circuit 
which performs image processing for an image signal 
output from the output circuit 41 , and controls the LED 
control circuit 42. 

[0038] The control circuit 43 incorporates an image 
processing circuit 43a which executes correction such 
as shading correction and luminance correction for an 
image signal, an image processing memory 43b, a CPU 
43c which controls the overall image processing appa- 
ratus, a control memory 43d, an interface circuit 43f, and 
a motor driving circuit 43e. 

[0039] The CPU 43c sets various operation condi- 
tions of the image processing apparatus such as the off- 
set value and gain value of the above-described output 
circuit 41 , the PWM control value of the LED of the LED 
control circuit 42, various parameters for image 
processing to the image processing circuit 43a, and the 
interface conditions of the interface circuit 43f. Further, 
the CPU 43c controls the start and stop of the operation, 
and controls the interface with an external device. 



[0040] The data bus of the CPU 43c allows reading 
out via the image processing circuit 43a image data 
which is processed by the image processing circuit 43a 
and stored in the image memory 43b. 

5 [0041] In reading an image, the CPU 43c detects the 
reference position of the CIS 4 by using the home posi- 
tion sensor 11 . The CPU 43c controls the motor driving 
circuit 43e and causes the stepping motor 1 0 to output 
a predetermined excitation pattern so as to move the 

io CIS 4 at a predetermined speed in the sub-scanning di- 
rection in reading an image, thereby a desired image is 
read. 

[O042] Control and operation concerning image read- 
ing and image processing of the image processing ap- 
paratus in the first embodiment will be described with 
reference to Figs. 1 to 4. 

[0043] In reading a document, start of reading opera- 
tion is instructed via the operation unit 12. Whether the 
home position sensor 1 1 detects the position of the car- 

20 riage 5 is checked. If the home position sensor \ 1 does 
not detect the position, the stepping motor 1 0 is driven. 
The motor is stopped at a position after the home posi- 
tion sensor 11 detects the position ofthe carriages and 
the motor is further driven for a predetermined number 

25 of pulses. Then, the carriage 5 is located at the home 
position, 

[0044] if the home position sensor 1 1 detects the car- 
riage 5 from Ihe beginning, the stepping motor 1 0 is driv- 
en in the sub-scanning direction. After the carriage 5 

so passes through the home position sensor 11 once, the 
stepping rnolor 1 0 is rotated in the reverse direction . The 
stepping moloM 0 is stopped at a position after the home 
position sensor 11 detecls the carriage 5 again and the 
motor 10 is further driven for a predetermined number 

35 of pulses. Then, the carriage 5 is located at the home 
position. 

[0045] Before image reading starts, the PWM values 
for respective colors of the LED light source are set us- 
hg the above-described density reference plate 13 at 

*o this position. 

[0046] The PWM values are set by detecting the im- 
age signal value of the CIS 4. First, the offset value and 
gain value of the output circuit 41 are set to predeter- 
mined reference values, the light quantity ratio of the 

4s respective colors of the LED is set, and then the PWM 
values ofthe colors are set. 

[0047] Next, the correction value for shading correc- 
tion is set based on an image signal obtained by irradi- 
ating the density reference plate 13 in the set light quan- 
=o tity. 

[0048] After the above operation is completed, the 
stepping motor 1 0 drives the carriage 5 in the sub-scan- 
ning direction to start reading a document image. 
[0049] After reading starts, the optical image of a doc- 
55 ument is photoelectrical^ converted, and the image sig- 
nal of the document image is processed. 
[0050] The image signal is sampled, and then under- 
goes signal offset level correction and signal amplifica- 
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tion processing in the output circuits. After analogsig- 
nal processing ends, the image signal is converted into 
a digital signal by the A/D conversion circuit 41b, and 
the digital signal is output. 

[0051 ] The digital I mags signal Is stored In the image 5 
memory 43b after processed with shading correction, 
spatiol filter processing, magnification correction, lumi- 
nance signal conversion, andbinarization processing by 
the image processing circuit 43a inthecontrolcircuit43. 
Note that various image processing conditions and op- io 
eration parameters described above can be set by the 
CPU 43c in the control circut 43. 
[0052] Image data stored in the image memory 43b is 
output via the interface circuit 43f in synchronism with a 
control timing with an externa! device, is 
[0053] The LED control method of the LED light 
source unit 4b will be described with reference to Fig. 5 
[0054] In Fig. 5, reference numeral 43 denotes the 
control circuit shown in Fig. 4. Of the arrangement 
shown in Fig. 4, Dnly the CPU 43c and control memory 20 
43d are illustrated. As described. above, the control cir- 
cuit 43 controls the whole image reading apparatus. 
[0055] The LED light source unit 4b has a Red LED, 
Green LED, and Blue LED, The LED control circuit 42 
has LED driving units 42a, 42b, and 42c each including 25 
a constant current circuit and switching circuit in corre- 
spondence with each LED of the LED light source unit 
4b. The LED driving units 42a, 42b, and 42c are inde- 
pendently connected to respective color LEDs (red, 
green, and blue), 30 
[0056] All the LEDs receive a common potential. The 
constant current values of the constant current circuiis, 
and switch-on times (ON times) in the LED driving units 
42a, 42b, and 42c can be changed by control signals 
based on image signals input from the multi-chip sensor 35 
4e to the control circuit 43. 

[0057] Initial values in the control circuit 43 and the 
LED ON ratio can be set using the operation unit 12. 
[0058] To make the explanation clear, the first embod- 
iment is based on the following premise. However, this *o 
promise does not limit the present invention. 
[0059] The LED light source unit 4b is an LED light 
source (array type and light guide type) having R, G, 
and B (Red, Green, and Blue) wavelengths. 
[0060] Light-receiving amounts pix^R, pix_G, and 45 
pix_B of the mu Iti-ch ip se nsor 4e are proportional to LED 
light quantities l_R, LG, and i_B. Since the light quan- 
tities are the products of light intensities (i_R, i_G, and 
i_B) and irradiation times (t_R, t_G, andt_B), 

so 

pix_R oc |_R = j_ Rxt _ R 



pix_G « l_G = i_Gxt_G 



pix B« l_B = LB x LB 



hold. Constant current values which determine the light 
intensities of the respective LEDs and the ON times of 
the LEDs are independently stored. The LEDs are inde- 
pendently turned on and driven based on these values, 
and can emit desired light quantities. When the LED light 
source unit 4b is turned on and image signals are accu- 
mulated in ihe multi-chip sensor 4e, the lighl source can 
be turned on so as to obtain a predetermined light qual- 
ity. When light sources of a plurality of colors are turned 
on, they can be turned on at a predetermined lightquan- 
tity ratio. 

[0061] A portion which controls the LED ON timing is 
a pulse width modulation (PWM) control portion which 
turns on the LED for a predetermined time with refer- 
ence to a predetermined timing. 
[0062] An image output signal value output from the 
A/D conversion circuit 41b is an B-bit 256-level output 
using the output value of a white reference pfate as 255 
and the output value of a black reference plate (or light- 
off state) as 0. 

[0063] The control circuit 43 performs software con- 
trol mainly using the CPU 43c. However, control of the 
present invention may be realized by using hardware 
mainly using a gate array. 

[0064] The detailed arrangement and operation of the 
image processing circuit 43a will be described 
[0065] The arrangement will be first explain :- 3, 
[0066] As shown in Fig. 6, the image processing cir- 
cuit 43a is constituted by a shading correction block 61a, 
a filter block 62a, a magnification correction block 63a, 
a luminance signal conversion block 64a, a binarization 
processing block 65a, and memories 61b, 62b, 63b, 
64b, and 65b which correspond to the respective blocks 
and store image data, coefficients, and the like, instead 
of arranging the memories 61 b, 62b, 63b, 64b : and 65b 
in the image processing circuit 43a, the memory 43b 
can, for example, be utilized. In this case, memory ca- 
pacities necessary forthe blocks 61 ato 65a are ensured 
in the memory 43b in advance. 
[0067] The memory 61b of the shading correction 
block 61 a, the memory 63b of the magnification correc- 
tion block 63a, and the memory 64b of the luminance 
signal conversion block 64a albw writing image data, 
reading out and writing data from the CPU 43c of the 
control circuit 43. 

[0068] Fig. 7 is a block diagram showing the detailed 
arrangement of the luminance signal conversion block 
64a in Fig. 6, and specifically shows a circuit block for 
converting input image luminance data of one pixel into 
corresponding density data. 
3059] The memory 64b has three correction table 
nemories 74a, 74b, and 74c for different sensor chip 
characteristics. The luminance signal conversion block 
64a comprises an address counter 71 for counting the 
number of pixels, a selector 73 for switching and con- 
trolling accesses to the table memories 74a, 74b, and 
74c in accordance with the address counter value, and 
a setting register 72 for holding a comparison value to 
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be compared with an output value from the address 
counter 71 and selection settings for the selector 73. 
[0070] Luminance signal conversion operation will be 
explained. 

[0071 ] Fig. 8 shows the structure of the density refer- 
ence plate 13. The density reference plate 13 is made 
up of two reference density areas: a white reference ar- 
ea 13a used for shading correction in reading an image 
and a halftone gray reference area 13b used to deter- 
mine sensor chip characteristics. 
[0072] Sotting of a correction table corresponding to 
a sensor chip will be explained with reference to the flow 
chart of Fig. 25. As described above, the white reference 
plats area 13a is read by the mutti-ehip sensor 4e to 
obtain shading correction data, and shading correction 
is done based on this data. 

[0073] Thereafter, the halftone gray reference area 
13b is read by the multi-chip sensor 4e (step S101 ), and 
the read image data is stored in the memory 63b of the 
magnification correction block 63a. 
[0074] The CPU 43c in the control circuit 43 reads out 
image data stored in the memory 63b, and calculates 
the average of pixel data at a halftone density for each 
sensor chip (step S102). The calculated average data 
is stored in the memory 43d. The halftone gray refer- 
ence value stored in the memory 43d is compared with 
the average of each sensor chip, and which of conver- 
sion data in the correction table memories 74a, 74b, and 
74c is to be used is set for each memory chip (steps 
S013to S107). 

[0075] The multi-chip sensor 4e adopted in the first 
embodiment is made up of eight sensor chips, as shown 
in Fig. 3. Which of correction tables in the three correc- 
tion table memories 74a, 74b, and 74c is to be used as 
a correction table for each of the eight sensor chips is 
set in the setting register 72 (step S10S). 
[0076] Figs. 9Ato 9C show examples of the correction 
characteristic of the correction lable, Fig. 9B shows a 
table (correction table 2) whosecorrection characteristic 
Is almost Ideal. Fig. 9A shows a characteristic table (cor- 
rection table 1) whose halftone image data is smaller 
than a reference value. Fig. 9C shows a characteristic 
table (correction table 3) whose halftone image data is 
larger than the reference value. 
[0077] For example, if the halftone average of the first 
sensor chip is almost equal to the above-mentioned ref- 
erence value in the memory (YES in step S1 03), correc- 
tion table 2 is set (step S1 04). If the halftone average of 
the second sensor chip is larger than the above-men- 
tioned reference value in the memory (YES in step 
S10S), correction table 3 is set (step S106). If the half- 
tone average of the third sensor chip is smaller than the 
above-mentioned reference value in the memory (NO In 
step S1 05), correction table 1 is set (step S107). In this 
way, which of correction tables stored in the three cor- 
rection table memories 74a, 74b, and 74c is to be used 
as correction tabie data corresponding to each of the 
eight sensor chips is set. The setting information is 



stored in the setting register 72 of Fig. 7 (step S108). 
This operation is executed for all the sensor chips (step 
S109). 

[0078] When the characteristic of the sensor chip is 
s known in advance, a correction table may be selected 
and set for each sensor chip by using the operation unit 
12. 

[0079] In the first embodiment, a correction table is 
not set for each sensor chip, but a smaller number of 

10 correction tables than the number of sensor chips is set, 
as described above. Then, a plurality of sensor chips 
share the correction tables, which can prevent increas- 
ing the size of the image processing circuit 43a even 
with many sensor chips. 

is [0080] However, the first embodiment is not limited to 
the above arrangement, and a correction table may be 
set for each sensor chip. 

[0081] As the power consumption of the image 
processing apparatus is reduced, degradation in the im- 

20 age quality of a halftone image cannot be prevented by 
only shading correction. In this case, the arrangement 
according to the first embodiment is very effective. 
[0082] The flow of an operation of the image process- 
ing circuit will be explained with reference to Figs. 4. 6, 

ss and 26. 

[0083] As described above, an image signal from the 
multi-chip sensor 4e that is converted into a digital signal 
by the A/D conversion circuit 41 b is input to the image 
processing circu it 43a (step S1 20) . The image sig n al u n- 

30 dergoes shading correction in the shading correction 
block 61a, and edge emphasis processing or smoothing 
processing in the filter block 62a. Further, the image sig- 
nal undergoes reduction/enlargement processing in the 
image magnification correction block 63a, and Is Input 

35 Id the luminance signal conversion block 64a. 

[0084] In Ihe first embodiment, image data is proc- 
essed as 8-bit data, and image data of one line are se- 
quentially processed in synchronism with a horizontal 
sync signal. 

40 [Q0B5] Image data of one line arc input to the lumi- 
nance signal conversion block 64a in an order of pixels 
from one side of the eight sensor chips. At this time, the 
number of pixels is counted by the address counter 71 . 
Written in the setting register 72 is the number of a cor- 

is rection table memory to be selected (step S1 22) when 
the address value of the first pixel o1 each sensor chip 
coincides with a setting value set in the setting register 
72 (step S121). 

[0086] For example, if the first chip of the multi-chip 
so sensor corresponds to setting of correction table mem- 
ory 1 , all the Image signals from the first chip are cor- 
rected in accordance with correction table 1 of correc- 
tion table memory 1 (74a) (stepS123). If the count value 
of the address counter 71 coincides with the first ad- 
55 dress of the second chip and this count value is set to 
selection of correction table 2, all the image signals from 
the second chip are corrected in accordance with cor- 
rection tabie 2 of correction table memory 2 (74b) (step 
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S1 23). This operation is repeated until all the image sig- 
nals are processed (step S1 24). 
[0087] In this fashion, image signals from the 8-chip 
sensor are corrected based on characteristics which are 
suitable for respective chip characteristics. Therefore, 
image data can be corrected even at the halftone portion 
of an image with less density nonuniformity caused by 
the characteristic difference between chips. 
[0088] In the first embodiment, a case in which the 
multi-chip sensor 4e is formed from eight chips is ex- 
plained. However, the number of chips is a design rule, 
and an arbitrary number of chips can be connected. 
[0089] Further, the number of correction tables is 
three in the first embodiment, but is not limited to this, 
and an arbitrary number of correction tables can be set. 
Also in this case, a correction table to be used may be 
set in accordance with the intermediate value of the sig- 
nal value of the halftone gray reference area 13b output 
from each sensor chip. 

[0090] The first embodiment has exemplified the use 
of the CIS, but is not limited to this. For example, the 
linearity correction method of the first embodiment can 
be preferably applied in the use of a CCD or MOS type 
image sensing element which is divided into a plurality 
of areas and reads out signals fromthe respective areas 
via different output systems. 

(Second Embodiment) 

[0091] Fig. 1 0 is a block diagram showing an image 
processing apparatus according to the second embod- 
iment of the present invention, 

[0092] Reference numeral 202 denotes a contact Im- 
age sensor (CIS) module having a multi-chip sensor 
functioning as an image sensing unit which includes a 
plurality of pixels and a plurality of output units for out- 
putting signals from the pixels. In a multi-chip sensor 
2024, as shown in Fig. 11, a plurality of sensor chips 
(ehipl to chip16 in Fig. 11) on each of which a plurality 
of pixels are arrayed in one direction (main scanning di- 
rection) are arrayed on a mounting substrate 2025 in the 
same direction as that of the pixel array. 
[0093] The arrangement of the CIS module 202 in the 
second embodiment will be described. 
[0094] In the CIS module 202, as shown in Fig. 12, a 
cover glass 2021, an illumination light source 2022 
formed from an LED, a x1 imaging lens 2023, such as 
a SELFOC lens, and the multi-chip sensor 2024 are 
mounted on Ihe. substrate 2025. These parts are at- 
tached to a mold 2026 to form the integral CIS module 
202. 

[0095] Fig. 1 3 is a perspective view showing the CIS 

module 202 of Fig. 12. The same reference numerals 

as in Fig. 12 denote the same parts. 

[0096] Fig. 1 4 shows details of one sensor chip (e.g., 

chipl ) of the multi-chip sensor 2024. 

[0097] In Fig. 14, each rectangle represents a reading 

pixel. For a 600-dpi X1 reading multi-chip sensor, the 



pixel interval is 42 x 42 urn. Reference numeral 2024-1 
denotes a pixel array for reading red (R) light; and 
2024-2 and 2024-3, pixel arrays for reading green (G) 
light and blue (B) light, respectively. 

5 [0098] Each pixel on the pixel array2024-1 Is covered' 
with an R color filter; each pixel on the pixel anay 
2024-2, with a G color filter; and each pixel on the pixel 
array 2024-3, with a B colorfilter. Aphotodiode as a pho- 
toelectric converter is formed below each colorfilter. As 

10 described above, for 600 dpi, the three pixel arrays are 
formed at a pixel interval of 42 u.m in the sub-scanning 
direction (direction in which a document orthe multi-chip 
sensor 2024 moves). The pixel pitch in the main scan- 
ning direction is also 42 urn 

'5 [0099] The photodiode generates charges corre- 
sponding to an incident light quantity during the accu- 
mulation time. 

[0100] The three pixel arrays having different optical 
characteristics form a monolithic structure on a single 

so silicon chip so as to arrange the pixel arrays parallel to 
each other in order to read the same line of a document 
by the R, G, and B pixel arrays. 
FJ0101] Reference numeral 2024-4 denotes a CCD 
shift register serving as a charge transfer unit. By apply- 

25 ing shjft pulses to pixels at the first timing of one line, 
charges move fromthe pixels of the pixel arrays 2024-1 , 
2024-2, and 2024-3 to the charge transfer unit 2024-4. 
p)102] By applying a transfer clock to the charge 
transfer unit 2024-4, charges which have moved to the 

so charge transfer unit 2024-4 are transferred in time divi- 
sion to an output amplifier unit 2024-5 in an order of G, 
B, R, G, B, R The output amplifier unit 2024-5 con- 
verts thecharges into voltages , an d sequential ly 0 utputs 
signals as voltage outputs in an order of G, B, R, G, B, 

35 R,.... 

[0103] An analog signal processor 101 in Fig. 10 com- 
prises a gain offset adjustment circuit which adjusts the 
gain offsets of signals from respective output units (OS1 
to OS1 S), and an A/D converter which converts an an- 

40 alog signal into a digital signal. 

[0104] The analog signal processor 101 has two an- 
alog processors (AP1 and AP2). Each analog processor 
receives analog signals via eight channels, multiplexes 
the signals, and outputs a digital signal via one channel 

fs in time division. 

[0105] A sorting unit 1 02 converts input digital signals 
into appropriately sorted R, G, and B digital signals. 
First, signals from an R pixel array, signals from a G pixel 
array, and signals from a B pixel array on chipl are out- 

50 put in parallel pixel by pixel until signals of all the pixels 
on chipl is read out. Then, signals from an R pixel array, 
signals from a G pixel array, and signals from a B pixel 
array on chip2 are output in parallel pixel by pixel. In this 
manner, color signals are sequentially output in parallel 

55 from every sensor chip, 

[0106] A shading correction unit 1 03 performs shad- 
ing correction for each color. The shading correction unit 
103 has shading correction circuits for the respective 
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colors (103r, 103g, and 103b). 

[01 07] A CPU 1 06 controls the entire image process- 
ing apparatus. 

[0108] A linearity correction unit 1 04 is a characteris- 
tic feature of the second embodiment, and performs lin- 
earity correction lor digital signals having undergone 
shading correction by sensor chip and color, i.e., for a 
plurality of image signals having different linearity char- 
acteristics. The second embodiment adopts (a total of 
three) linearity correction circuits (1 04a to 1 04c) for the 
respective colors. 

[0109] The above arrangement is the best in consid- 
eration of the balance between the circuit scale and the 
processing speed. However, the present invention is not 
limited to this arrangement, and linearity correction cir- 
cuits may be arranged for respective sensor chips (i.e., 
1 6 linearity correction circuits are prepared), or linearity 
correction circuits may be arranged for respective sen- 
sor chips and colors (i.e., 48 linearity correction circuits 
are prepared). Such an arrangement does not require 
the foilowing main scanning position determination unit. 
[01 10] For a monDchromeimage, one linearity correc- 
tion circuit Is desirably arranged as a whole in consider- 
ation of the balance between the circuit scale and the 
processing speed. However, a linearity correction circuit 
may be arranged for each sensor chip. 
[0111] Figs. 15A and 15B are a graph and table for 
explaining the concept of linearity correction. 
[01 1 2] An input signal is represented by an x-eoordi- 
nate, and a corresponding output signal is represented 
by a y-coordinate. In Fig. 15A, the x-axis is divided into 
four domains c-f definition. For a 10-bit input signal, x 
takes a value of 0 to 1 023. 

[01 13] A linear function Is defined as follows for each 
domain of definition. 

0g X<x1: Y=A1*X+B1; 



X1 SX<x2:Y=A2*X + B2; 



x2 % X < x3: Y = A3*X + B3; 



x3 S X < x4: Y = A4*X 4- B4; 

where X is an input signal, Y is an output signal, A1 to 
A4 are multiplicative coefficients, and B1 to B4 are ad- 
ditive factors of the y-intercept of the linear function. 
Each linear function can be expressed by a straight line, 
but is a line segment because Ihe domain of definition 
is determined. The CPU 108 sets respective line seg- 
ments to be continuous. These settings are shown in 
the table of Fig. 15B. 

[011 4] As a result, a line graph which passes through 
coordinates (0,0) and 11023,1023), slightly projects up- 
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ward, and is broken at three points is realized as shown 
in the graph of Fig. 15A. 

[0115] Setting the linearity correction function ena- 
bles linearity correction. A curved graph can achieve 
s more appropriate correction than a line graph. However, 
the deviation from the ideal straight line of the linearity 
of each signal is not large in actual measurement, and 
is about B levels at the center for 1 0 bits or 2 levels for . 
8 bits. The linearity can be satisfactorily corrected by a 

10 line graph. 

[0116] In orderto correct the linearity by a four-segu- 
ment-line graph, the domain of definition is divided into 
four. In the arrangement of the second embodiment, a 
line graph having an arbitrary number of line segments 
15 can also be realized by continuously connecting the line 
segments. 

[011 7] A method of obtaining the linearity correction 
function as shown in Figs. 1SA and 15B will be explained 
with reference to the flow chart of Fig. 27. 

so [0118] In linearity correction, a halftone chart is read 
by the CIS module 202 in order to obtain halftone cor- 
rection data (step S201 ). First, a chart with a density D 
of 0.3 is prepared and read, shading correction [to be 
described later) is performed, and a chart reading level 

25 is attained for each color of each of 1 6 chips. Then, the 
level averages of all the 16 chips are obtained for re- 
spective R, G, and B colors. The obtained averages are 
defined as the targetvalues of the respective colors, and 
made to correspond to signal levels inthe CPU 1 08 such 

30 that the obtained target values are output in response 
to the signal levels of the respective chips when the 
D=0.3 chart is read. 

[01 1 9] To correct a dark portion , a chart with a density 
D of 1.1 is prepared, shading correction is performed, 

as and a chart reading level is attained for each color of 
each of 1 6 chips. The level averages of all the 1 6 chips 
are obtained for respective R, G, and B colors. The ob- 
tained averages are defined as the target values of the 
respective colors, and made to correspond to signal lev- 

40 ele in the CPU 1 08 such that the obtained target values 
areoutput in response to the signal levels of the respec- 
tive chips when the D=1 1 chart is read. 
[0120] To correct a bright portion, a chart with a den- 
sity D of 0.2 is prepared, shading correction is per- 

45 formed, and a chart reading level is attained for each 
color of each of 1 6 chips. Trie level averages of all the 
1 6 chips are obtained for respective R, Q. and B colors. 
The obtained averages are defined as the target values 
of the respective colors, and made to correspond to sig- 

50 nal levels in the CPU 108 such that the obtained target 
values are output in response to the signal levels of the 
respective chips when the D=0.2 chart is read. 
[0121] As a result, input and output values are at- 
tained for the black level, .D=1.1, D=0.3, D-0.2, and 

ss white level. Coefficients (An and Bn) representing a lin- 
earity correction function which expresses a line seg- 
ment between input and output values are calculated 
based on the input and output values. These correction 
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coefficients are obtained for each color ol each chip 
(step S202). The calculated correction coefficients are 
stored in correspondence with each sensor chip (step 
S203), in this manner, correction coefficients for all the 
sensor chips are calculated and stored (step S204). The s 
use of this function enables correcting the linearity so 
as to make the reading levels of the chips approach 
each other, 

[01 22] The operation of obtaining the linearity correc- 
tion function may be done in shipping from afactory (af- io 
ter shipping, the same value is used), or every document 
reading operation. 

[01 23] Fig, 1 6 is a block diagram showing details of 
the linearity correction unit 104. Fig. 16 shows one (for 
R) of the linearity correction circuits 104a to 1 04c. The is 
remaining linearity correction circuits also have the 
same arrangement. 

[0124] An x-axis section determination unit 1041 
checks a section along the x-axis in Figs. 15A and 15B, 
and determines which of four linear functions corre- so 
sponds to this section. A determination output is given 
by n (section "determination signal), and sent to a coef- 
ficient selection unit 1 042. A main scanning position de- 
termination unit 1046 outputs a main scanning position 
signal k representing which of sensor chips arrayed in ?s 
the main scanning direction outputs a signal to be proc- 
essed. A delay unit 1 043 adjusts the clock phase. 
[0125] The coefficient selection unit 1042 selects a 
multiplicative coefficient Akn and additive factor Bkn on 
the basis of the section determination signal n and main 30 
scanning position signal k, and sends the multiplicative 
coefficient Akn and additive factor Bkn to a multiplication 
circuit 1044 and addition circuit 1045, respectively. As 
a result, 



Y = Akn*X + Bkn 

Is solved, and linearity correction described with refer- 
ence to Figs. 15A and 15B is realized for each chip. 40 
[0126] The coefficients Akn and Bkn in the second 
embodiment change depending on the signal level of a 
signal to be corrected and a sensor chip which outputs 
the signal to be corrected. One linearity correction circuit 
has 64 (= x 4 x-axis sections x 1 6 sensor chips) differ- 45 
ent coefficients. 

[0127] The coefficient selection unit 1 042 in the sec- 
ond embodiment has 64 registers formed from flip-flops 
for the multiplication circuit 1044 in one linearity correc- 
tion circuit, and 64 registers formed from flip-flops for so 
the addition circuit 1045, Each register outputs a coef- 
ficient. Each register receives a proper value from the 
CPU in power-on operation. The coefficients Akn and 
Bkn are given as register setting values, which greatly 
shortens the write time in comparison with write of all 55 
Input and output values which represent curves in the 
LUT. 

[0128] The present invention is not limited to the 



above arrangement, and each coefficient value may be 
stored in, e.g., a ROM or SRAM. However, the data 
amount of coefficients is not so large, and storing the 
coefficients in the ROM or SRAM wastes many address- 
es and increases the cost. For this reason, the use of 
registers is the most preferable in consideration of the 
space and cost. 

[0129] As described above, the linearities of image 
signals output from sensor chips having different linear- 
ities can be made to approach each other, thereby re- 
ducing the difference in reading halftone density. 
[0130] A clock generator 121 generates a clock VCLK 
every pixel. A main scanning address counter 122 
counts clocks from the clock generator 121 , and gener- 
ates a 1-line pixel address output. A decoder 123 de- 
codes a main scanning address from the main scanning 
address counter 122, and generates line sensor driving 
signals (not shown) such as a shift pulse (^SH) and reset 
pulse (<j>R), and a line sync signal HSYNC. The main 
scanning address oounter122 is cleared in synchronism 
with a HSYNC signal, and starts .counting of the main 
scanning address of the next line. 
[0131] The operation of the image processing appa- 
ratus shown in Fig. 10 will be explained with reference 
to the flow chart of Fig. 28. 

[0132] The multi-chip sensor 2024 outputs an analog 
signal (step S210). Fig. 17tsatimingchartforexplainlng 
the timing of a driving signal to the multi-ohip sensor 
2024 and the timing of an analog signal output from the 
multi-chip sensor 2024. 

[0133] The timings in this timing chart are the same 
in all sensor chips. <j)SH represents a line sync signal, 
which also serves as a charge transfer pulse from the 
photodiode of each pixel to the charge transfer unit 
2024-4 (Fig. 14). As shown in Fig. 17, transferred charg- 
es are sequentially output from the output amplifiers 
OS1 to OS1B in an order of G1, B1 , R1 , G2, B2, R2, .... 
ij)RS represents a reset pulse, which supplies a reset 
signal to the mutti-chip sensor2024. 
[0134] An analog signal output from the CIS module 
202 is input to the analog signal processor 101 , under- 
goes gain adjustment and offset adjustment, and is A/ 
D-converted. The sorting unit 1 02 properly sorts signals, 
and converts them into, e.g., 1 0-bit digital image signals 
R1 , G1 . and B1 for respective color signals. 
[0135] The image signals are inputto the shading cor- 
rection unit 103, and undergo shading correction forthe 
respective colors by using signals obtained by reading 
a white reference plate (not shown). 
[0136] Delails of shading correction operation will be 
described with reference to Fig. 1B. For illustrative con- 
venience, Fig. 18 shows only one (103r in Fig. 1B) of the 
shading correction circuits 1 03r,- 1 03g, and 1 03b includ- 
ed in the shading correction unit 103. 
[0137] In shading data acquisition operation, the light 
source is turned off, and black reference data Bk(i) is 
sampled for each pixel and stored in line memory 1 , The 
CIS module 202 is moved to the position of a white ref- 
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erence plate, the light source is turned on, and white 
reference data WH(i) is sampled and stored. Calculation 
of converting the data into white shading correction da- 



1/(WH(i) - Bk(i)) 

ie executed, andthe resultant data is stored in line mem- 
ory 2. 

[0138] In actual image reading, calculation: OUT(i) = 
(IN(i) - Bk(i)) x l/(WH(i) - Bk(i)) is performed in realtime 
for each pixel, and data having undergone shading cor- 
rection is output. 

[0139] In this case, !N(i) represents the ith input data; 
OUT(i), the ith output data; Bk(i), trie ith black reference 
data in line memory 1 ; and 1/(WH(i) - Bk(i)), the ith whSe 
shading correction data. 

[0140] In general, the CIS desirably has a memory 
which stores the correction value of each pixel even for 
black shading because black noise is large due to a 
large pixel and the offset value is different between a 
plurality of chips.To the contrary, the CCD generally has 
a uniformly subtracting register, 
[0141] For cost priority, the CIS can also take an ar- 
rangement which reduces the cost by using the black 
correction value of each chip or the like. 
[0142] Fig. 1 9 is a view for explaining the timing of a 
sorted signal output from the sorting unit 102. Fig. 19 
shows the timing of only one of R, G, and B colors for 
illustrative convenience. 

[0143] A sensor-specific dummy signal is output for a 
while after the line sync signal HSYNC. In an effective 
pixel area, n sensor chip signals are sequentially output 
In an order ofChipl, Chip2,...,ChipN from thefirst chip. 
In the second embodiment, N = 1 6. Since each chip has 
468 pixels, 463 X 1 6 = 7486 effective pixels are ob- 
tained. Then, a dummy pixel signal is output again. 
While signals are output from respective chips, the lin- 
earity correction circuits 104a, 104b, and 104c output 
corresponding main scanning position signals k from 
their main scanning position determination units 1046 
shown in Fig. 16. 

[0144] Signals from the shading correction unit 103 
are inp ut to Ihe linearity correct io n un it 1 04, and un de rgo 
linearity correction by the above-described method. 
[0145] First, signals from the shading correction unit 
103 are input parallel to each other to the delay units 
1043 and x-axis section determination units 1 041 of the 
linearity correction circuits 1 04a, 1 04b, and 104c. Then, 
each x-axis section determination unit 1 041 determines 
the signal level of the signal (section described with ref- 
erence to Figs. 15A and 15B), and outputs a corre- 
sponding section determination signal n (step S211). 
[0146] The main scanning position determination unit 
1046 outputs a main scanning position signal k repre- 
senting which of sensor chips outputs the signal input 
from the shading correction unit 103 (step S212). 



[0147] The coefficient selection unit 1042 outputs co- 
efficients Akn and Bkn selected in accordance with the 
section determination signal n and main scanning posi- 
tion signal k (step S21 3). The multiplication circuit 1 044 
s multiplies the signal from the delay unit 1 043 by the co- 
efficient Akn. The addition circuit 1045 adds the signal 
from the multiplication circuit 1044 and the coefficient 
Bkn (stepS214). 

[0148] A signal from the linearity correction unit 104 
10 is input to an image processing circuit (not shown), and 
undergoes various correction processes such as color 
correction and gamma correction. The above process- 
ing is performed for ail image data (step S21 5). 
[0149] An image forming apparatus in which the 
15 above-described image processing apparatus is mount- 
ed will be explained. 

[0150] In Fig. 20, reference numeral 200 denotes an 
image scanner section which reads a document and ex- 
ecutes digital signal processing; and 300, a printer sec- 
20 tion which prints out, on a sheet in full colors, an image 
corresponding to the document image read by the im- 
age scanner section 200. 

[0151] In the image scanner section 200, a document 
204-1 set on a platen glass 205 by the platen cover of 

2s an automatic document feeder (ADF) 203 is irradiated 
with light from the illumination light source 2022 in the 
CIS module 202 having the arrangement shown in Fig. 
12 Light reflected by the document 204-1 forms an im- 
age on the multi-chip sensor 2024 via the lens 2023. 

30 [0152] Alternatively, the CIS module 202 Is stopped 
at the position of a flow scanning glass 208, and a doc- 
ument Is read at this position. In this operation, docu- 
ment sheets are successively supplied from the ADF 
203 and read. 

as [0153] The multi-chip sensor 2024 separates optical 
information from the document into colors, reads R 
(Red), G (Green), and B (Blue) components of the full- 
color information, and sends the components to a signal 
processorl 00 in Fig. 1 0. Each of the pixel arrays 2024 1 

*> to 2024-3 for respective colors of the multi-chip sensor 
2024 is made up of, e.g., 7,500 pixels. Thus, an A3-size 
document 297 mm in the widthwise direction, which has 
the maximum size among documents set on the platen 
glass 205, can be read at a resolution of 600 dpi. 

4S [0154] To read the document 204-1 on the platen 
glass 205, the CIS module 202 is mechanically moved 
at a velocity V in the sub-scanning direction to scan the 
entire surface of the document 204-1. 
fl)155] A white reference plate 206 is used to obtain 

so white correction data for data read by the R, G, and B 
pixel arrays 2024-1 to 2024-3 of the multi-chip sensor 
2024. The white reference plate 206 exhibits an almost 
uniform reflection characteristic for visible light, and has 
a visually white color. By using data obtained by reading 

55 the white reference plate 206, data output from the R, 
G, and B pixel arrays 2024-1 to 2024-3 are corrected. 
[0156] On the stage subsequent to the signal proces- 
sor 1 00, a read signal is electrically processed and sep- 
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arated Into M (Magenta), C (Cyan), Y (Yellow), and Bk 
(Black) components, and these components are sent to 
the printer section 300. One or the M, C, Y, and Bk com- 
ponents is sent to the primer section 300 every docu- 
ment scanning in the Image scanner section 200, com- 
pleting a copy printout. 

[0157] In the printer section 300 ; M, C, Y, and Bk im- 
age sig nals are sent to a laser driver 31 2 . The I aser driv- 
er 31 2 modulates and drives a semiconductor laser 313 
In accordance with the image signal. A laser beam 
scans a photosensitive drum 317 via a polygon mirror 
31 4, f-e lens 31 5, and mirror 31 6. 
[01 58] The developing unit is constituted by a magen- 
ta developing unit 31 9, cyan developing unit 320, yellow 
developing unit 321, and black developing unit 322. The 
four developing units alternately come into contact with 
the electrostatic drum 317, and develop M, C, Y, and Bk 
electrostatic latent images formed on the electrostatic 
drum 31 7 with corresponding toners. A sheet fed from 
a sheet cassette 324 or 325 is wound around a transfer 
drum 323, and a toner image developed on the electro- 
static drum 31 7 is transferred to the sheet. 
[0159J After toner images of four, M, C, Y, and Bk 
colors are sequentially transferred, the sheet is dis- 
charged via a fixing unit 326. 

[0160] Note that the image reader with a CIS and the 
image processing apparatus described in the first em- 
bodiment can also be applied to the image scanner sec- 
tion 200 of Fig. 20. 

(Third Embodiment) 

[0161] The third embodiment will be explained. Only 
the difference from the second embodiment will be de- 
scribed, and a description of the same part will be omit- 
ted. 

[0162] Fig. 21 is a block diagram showing an image 
processing apparatus according to the third embodi- 
ment of the present invention. 

[0183] Reference numeral 213 denotes a center-divi- 
sion two-end-read type CCD image sensor serving as 
an image sensing unit which includes a plurality of pixels 
and a plurality of output units foroutputting signals from 
the pixels. 

[0164] Fig. 22 is a block diagram forexplaining details 
of the CCD image sensor 213. 

[0165] Reference symbols P1, P2 P7500 denote 

photodiodesas photoelectric converters which read and 
accumulate image information for 7,500 pixels in the 
main scanning direction. The sensor is divided into left 
and right parts at the boundary between the 3760th and 
3751st central pixels. Charges in the photodiodes are 
transferred to CCD analog shift registers 2131, 2133, 
2135, and 2137 In response to shift pulses (not shown)! 
[0166] More specifically, charges in odd-numbered 
pixels P1 to P3749 are transferred to the CCD analog 
shift register 2131 , and output as OS1 from an output 
buffer 2132 in response to a transfer clock. 



[0157] Charges n even-numbered pixels P2 to P3750 
are transferred to the CCD analog shift register 2133, 
and output as OS2 from an output buffer 2134 in re- 
sponse to a transfer clock, 
s [0188] Charges in odd-numbered pixels P3751 to 
P7499 are transferred to the CCD analog shift register 
2135, and output as OS3 from an output buffer 21 36 in 
response to a transfer clock. 

[0169] Charges in even-numbered pixels P3752 to 
>° P7S00 are transferred to the CCD analog shift register 
2137, and output as OS4 from an output buffer 21 38 in 
response to a transfer clock. 

[0170] In this fashion, signals from monochrome 7, 
500 pixels are divided into left and right parts, further 

is divided into odd and even numbers, and read out as four 
output signals. For this reason, OS1 to OS4 vary in lin- 
earity, similarto thesecond embodiment. Since the sen- 
sor is divided at the center, the halftone reading density 
becomes different between the left and right sides at 

so boundary of the division line, degrading ihe image qual- 
ity. 

[0171] The third embodiment will exemplify a mono- 
chrome image. Fora color image, R, G, and B filters are 
formed on photodiodes, and three CCD image sensors 

^ are arranged parallel to each other. 

[0172] The analog signals OS1 to OS4 output from 
the CCD image sensor 213 undergo gain & offset ad- 
justment by an analog processor 151 . Then, the signals 
OS1 to OS4 are A/D-converted ; and output as two digital 

90 signalsDSI andDS2. Asorting unit 152 corrects a state 
in which the image reading directions of DS1 and DS2 
are opposite by 1 80°, and sorts signals so as to appro- 
priately connect signals from the 3750th and 3751st 
central pixels, A signal R1 is a sorted signal. A shading 

35 unit 153 performs the same shading correction as that 
in the first embodinent. 

[0173] A linearity correction unit 154 executes the 
same linearity correction as that described In the second 
embodiment with reference to Figs. 15A, 15B, and 15. 
[0174] Fig. 21 shows an arrangement for a mono- 
chrome signal. For a color signal, red, green, and blue 
shading correction circuits and linearity correction cir- 
cuits are arranged parallel to each other. 
[0175] Fig. 23 is atiming chartfor explaining an image 

« signal after the sorting unit 152. Reference symbol 
HSYNC denotes a line sync signal; and P1 to P7500, 
imageslgnals which are so sorted as to make the central 
image signals P3750 and P3751 adjacent to each other. 
A main scanning position signal k is generated in corre- 

50 spendence with each pixel, k = 1 is generated for the 
odd-numbered pixels P1 to P3749; k = 2, for the even- 
numbered pixels P2 to P3750; k = 3, for the odd-num- 
bered pixels P3751 to P7499; and k = 4, for the even- 
numbered pixels P3752 to P7500. 

55 p176] The main scanning position signal k = 1 to 4 is 
generated by a main scanning position determination 
unft104Sin Fig. 16. 

[0177] Similar to the second embodiment, the ar- 



12 



EP 1 289 265 A2 



rangement of the linearity correction unit 154 in Fig. 1 6 
and linearity correction in. Figs. 15Aand 15B realized by 
the linearity correction unit 154 can suppress the read- 
ing density difference between right and left pixels clas- 
sified at the center and between odd- and even-num- 
bered pixels, thereby improving the image quality. 
[0178] Linearity correction in the third embodiment is 
not limitedto the method of the second embodiment, but 
can also be achieved by the method described in the 
first embodiment. 

[0179] Fig. 24 is a schematic view showing the sec- 
tional arrangement of an image forming apparatus in 
which the above-described image processing appara- 
tus is mounted. In Fig. 24, the same reference numerals 
as in Fig, 20 denote the same parts, and a description 
thereof will be omitted. Reference numeral 200 denotes 
an image scanner section which reads a document and 
executes digital signal processing; and 300, a printer 
section which prints out, on a sheet in full colors, an im- 
age corresponding to the document image read by the 
image scanner section 200. 

[0180] A light source 209 is formed from a xenon 
lamp, and illuminates a document. A first mirror 210 de- 
flects optical information of an illuminated document by 
90° toward a second mirror 211. The second mirror 211 
is formed from a set of two mirrors, and deflects the op- 
tical information by 180° to a reduction imaging lens 
21 2. The lens 21 2 forms the image of the optical infor- 
mation on a CCD image sensor 213. A set of the first 
mirror 210 and light source 209 scan the document at a 
velocity V, whereas the second mirror21 1 moves at half 
the velocity in the same direction. 

<Other Embodiment- 

[01 81 ] The p resent in ve ntl on can be appl ied to a sys- 
tem consttuted by a plurality of devices or to an appa- 
ratus comprising a single device. 
[01 82] Further, the object of the present invention can 
also be achieved by providing a storage medium storing 
program codes for performing the aforesaid processes 
to a computer system or apparatus (e.g., a personal 
computer), reading the program codes, by a CPU or 
MPU of the computer system or apparatus, from the 
storage medium, then executing the program. 
[01 83] In this case, the program codes read from the 
storage medium realize the functions according to the 
embodiments, and the storage medium storing the pro- 
gram codes constitutes the invention. 
[01 84] Further, the storage medium, such as a floppy 
disk, a hard disk, an optical disk, a magneto-optical disk, 
CD-ROM, CD-R, a magnetic tape, a non-volatile type 
memory card, and ROM, and computer network, such 
as LAN (local area network) and LAN, can be used for 
providing the program codes. 
[0185] Furthermore, besides aforesaid functions ac- 
cording to the above embodiments are realized by exe- 
cuting the program codes which are read by a computer, 



the present invention includes a case where an OS (op- 
erating system) or the like working on the computer per- 
forms a part Dr entire processes in accordance with des- 
ignations of the program codes and realizes functions 
s according to the above embodiments. 

[0186] Furthermore, the present invention also in- 
cludes acase where, after the program codes read from 
the storage medium are written in a function expansion 
card which is inserted into the computer or In a memory 
w provided in a function expansion unitwhich isconnected 
to the computer, CPU or the like contained In the func- 
tion expansion card or unit performs a part or entire 
process in accordance with designations of the program 
codes and realizes functions of the above embodi- 
es ments. 

[0187] In a case where the present invention is ap- 
plied to the aforesaid storage medium, the storage me- 
dium stores program codes corresponding to the flow- 
charts shown i n Figs . 25 and 26 , or 27 and 28 described 

so in the embodiments. 

[0188] The present invention is not limited to the 
above embodiments and various changes and modifi- 
cations can be made within the spirit and scope of the 
present invention. Therefore to apprise the public of the 

25 scope of the present invention, the following claims are 
made. 

£0189} An image processing apparatus includes an 
image sensor formed from a plurality of areas each in- 
cluding a plurality of pixels, and a corrector adapted to 
30 correct signals from the plurality of areas of the image 
sensor. The corrector has a plurality of correction data 
smaller in number than the areas, and performs correc- 
tion by selectively using the correction data for each ar- 
ea of th e image sensor. 



Claims 

1 . An image processing apparatus characterized by 

*o comprising: 

an image sensor (4) formed from a plurality of 
areas each including a plurality of pixels; and 
a corrector (43a) adapledto correct signals out- 
« put from the plurality of areas of said image sen- 

sor, 

wherein said corrector has a plurality of cor- 
rection data (74a - 74c) smaller in number than the 
so areas, and performs correction by selectively using 
any one of the plurality of correction data for each 
area of said image sensor. 

2. The apparatus according to claim 1 further compris- 
es es at least one density reference member (13) for 

detecting characteristics of the plurality of areas c-f 
said image sensor (4), 

wherein said corrector (43a) has a setting unit 
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(72) which sets correction data for each area of said 
image sensor from the plurality of correction data 
(74a - 74c) on the basis of a signal obtained by read- 
ing said density reference member by said image 
sensor. 

3. The apparatus according to claim 2, characterized 
in that said density reference member (13) has a 
halftone gray reference area (13b). 

■ 4. An image processing apparatus characterized by 

comprising: 

an image sensor (4) formed from a plurality of 
areas each including a plurality of pixels; is 
a corrector (43a) adapted to correct signals 
f ram the pi u rality of areas of said im age sensor; 
and 

a density reference member (1 3) having a white 
reference area (1 3a) and a halftone gray refer- 20 
ence area (13b), 

wherein said corrector has a plurality of cor- 
rection data smaller in number than the areas ol a 
sensor chip, and executes first correction (61a) of 25 
performing shading correction on the basis of a sig- 
nal obtained by reading the white reference area by 
said image sensor, and second correction (64a) of 
performing correction by selectively using the cor- 
rection data for each area of said image sensor on 
the basis of a signal obtained by reading the half- 
tone gray reference area by said image sensor. 

5. The apparatus according to claim 4, characterized 
in that said corrector (43a) performs the second 
correction (54a) after the first correction (B1a). 



6. The apparatus according to any one of claims 1 to 

5, characterized in that said corrector (43a) uses 
common correction data for a signal from said Im- 
age sensor (4). 

7. The apparatus according to any one of claims 1 to 

6, characterized by further comprising a light 
source (4a) which irradiates an objectto be sensed, 
and a lens (4d) which forms light from the object into 
an image on the plurality of areas of said image sen- 
sor (4). 

8. The apparatus according to any one of claims 1 to 

7, characterized in that each area of said image 
sensor is formed from a sensor chip. 

9. The apparatus according to any one of claims 1 to 
7, characterized In that signals from the plurality 

of areas of said image sensor are output via differ- 
ent output systems. 



10. The apparatus according to claim 3 or 4, charac- 
terized in that the plurality of correction data have 
correction data for when a signal obtained by read- 
ing the halftone gray reference area by each of the 
plurality of areas represents a substantially prede- 
termined value, correction data for when the signal 
is larger than the predetermined value, and correc- 
tion datafor when the signal Issmallerthan the pre- 
determined value. 

11. An image processing apparatus characterized by 

comprising: 

an image sensor (202, 213) formed from a plu- 
rality of areas each including a plurality of pix- 
els; and 

a corrector (104, 154) adapted to correct line- 
arity of signals output from the plurality of are- 



wherein said corrector includes: 

a muftipiier (1044) which multiplies the signals 
output from the plurality of areas by a coeffi- 
cient; and 

an adder(1045) which adds a coefficient to the 
signals output from the plurality of areas. 



12. The apparatus according to claim 11, 
ized in that 

said corrector (104, 154) comprises a coeffi- 
cient selector (1042) which selectively outputs a 
plurality of coefficients, and a first determination unit 
(1041) which determines signal levels of signals 
from a plurality of output units, and 

said coefficient selector selects a coefficient 
in accordance with a determination result of said 
first determination unit. 



*o 13. The apparatus according to claim 12, character- 
ized in that 

said corrector (104, 154) is commonly ar- 
ranged for signals outputf ram the plurality of output 
units, and comprises a second determination unit 

« (1 046) which determines which of the plurality of 
output units outputs a signal, and 

said coefficient selector (1042) selects a co- 
efficient in accordance with a determination result 
of said first determination unit (1 041 ) and a deter- 

50 mination result of said second determination unit. 

14. The apparatus according tD any one of claims 11 to 
13, characterized in that 

the apparatus further comprises a sorter (102, 
55 152) which sorts signals outputfrom the plurality of 
areas so as to sequentially output the signals in an 
order of a pixel array, and 

said corrector (104, 154) receives a signal 
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from said sorter. 

15. The apparatus according to any one of claims 11 to 
1 4, characterized in that 

each area of said image sensor (202, 213) 
has a plurality of pixel arrays which obtain different 
pieces or color information, and 

said corrector (1 04, 1 54) is arranged for each 

color. 

16. The apparatus according to claim 11 or 12, charac- 
terized in that said corrector (104, 154) is arranged 
for each of the plurality of areas. 

17. The apparatus according toclaim 11 or 1 2, charac- 
terized in that 

each area of said image sensor (202, 213) 
has a plurality of pixel arrays which obtain different 
pieces of color information, and 

said corrector (1 04, 1 54) Is arranged for each 
color of each of the plurality of areas. 

18. The apparatus according to daim 12 or 13, char- 
acterized in that said coefficient selector (1 042) in- 
cludes a register which outputs a coefficient. 

19. The apparatus according to any one of claims 11 to 
1 8, characterized in that said image sensor (202) 
is constituted by arraying In a predetermined direc- 
tion a plurality of sensor chips (chip 1 - chip 16) on 
each of which a plurality of pixels are arrayed. 

20. The apparatus according to any one of claims 1 1 to 
1 3, characterized In that said image sensor (213) 
outputs signals from a plurality of pixels via output 
portions different between the plurality of areas. 

21 . The apparatus according to any one of claims 1 1 to 

20, characterized by further comprising an imag- 
ing unit (2023, 21 0, 21 1 , 212) which forms an image 
of art object to be sensed on said image sensor 
(202, 213), and a light source (2022, 209) which 
emits light. 

22. The apparalus according to any one of claims 11 to 

21 , characterized in that 

said image sensor (202, 213) reads at least 
one predetermined halftone image, and 

the apparatus further comprises a calculation 
unit (108) which calculates coefficients used in said 
multiplier (1 044) and said adder (1 045) for each of 
the plurality of areas on the basis of a signal level 
of the read halftone image. 

23. The apparatus according to claim 22, character- 
ized in that 

each area of said image sensor (202, 213) 
has a plurality of pixel arrays which obtain different 



pieces of color information, and 

said calculation unit (108) calculates coeffi- 
cients used in said multiplier (1 044) and said adder 
(1045) for each color in each of the plurality of are- 
s as. 

24. The apparalus according to any one or claims 11 to 

23, characterized In that each area of said image 
sensor is formed from a sensor chip. 

10 

25. The apparatus according to any one of claims 11 to 

24, characterized in that signals from the plurality 
of areas of said image sensor are output via differ- 
ent output systems. 

15 

26. An image forming apparatus characterized by 
comprising: 

the image processing apparatus defined in any 
so one of claims 1 Ed 25; and 

a printer which prints an image oh a sheet on 
the basis of a signal output from the image 
processing apparatus. 

25 27. A correction method of correcting image data ob- 
tained from an image sensor formed from a plurality 
of areas each including a plurality of pixels, char- 
acterized by comprising the steps of: 

so reading a predetermined halftone Image by the 

image sensor (S1 01 ); 

selecting one of a plurality of correction data 
smaller in n umberthan the plu rality of areas for 
each of the plurality of areas on the basis of a 
ss signal level of the read image (S1 02 - S107); 

storing correspondences between the plurality 
of areas and selected correction data (S108); 
determining which of the areas outputs imago 
data from the image sensor (S121); and 
performing correction using correction data 
corresponding to the determined area (S122, 
S123). 

28. The method according to claim 27, characterized 
"5 in that the correction includes correction of de- 
creasing a linearity difference between the plurality 
of areas. 

29. A correction method of correcting image data ob- 
50 tained from an image sensor formedfrom a plurality 

of areas each including a plurality of pixels, char- 
acterized by comprising the steps of: 

reading a predetermined halftone image by the 
» image sensor (S201 ); 

calculating a coefficient set used for correction 
for each of the plurality of areas on the basis of 
a signal level of the read image (S202); 
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storing correspondences between the plurality 
of areas and calculated coefficient sets (S203); 
determining which of the areas outputs image 
data from the image sensor(S21Z); 
selecting one of the stored coefficient sets on 5 
the basis of the determined area and the signal 
level of the image data (S213); and 
correcting signals outputf ram the plurality of ar- 
eas by using coefficients of the selected coef- 
ficient set (S21 4), to 

wherein the correcting step includes: 

a step of multiplying the signals output from the 
plurality of areas by the coefficients of the se- 1$ 
leeted coefficient set; and . 
a step of adding the coefficients of the selected 
coefficient setto the signals output from the plu- 
rality of areas. 

so 

30. A computer readable program including instruc- 
tions for controlling the processor to carry out the 
method of any one of claims 27 to 29. 
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